The accuracy of Received Signal Strength (RSS)-based positioning methods is highly variable due to its dependence on various varying parameters such as the wireless environment, topology of the network, propagation model utilized etc. In this paper, drive test data were analyzed to examine the effect of distances from the Mobile Station to the serving and neighbouring base stations (BSs) on the accuracy of four RSS-based geometric positioning methods. The relationship between the accuracy of these positioning methods and distances between the BSs were also considered. There is relatively varying differences that the topologies of the network have on the accuracy of the positioning algorithms. The RSS-based geometric algorithms considered include the Centre of Gravity, the Circular Trilateration, Circular Trilateration and the Least Square algorithms.
INTRODUCTION
The Federal Communications Commission (FCC) of the United State (US) in 1996 adopted a report that enforced mobile operators in the US to provide and deliver wireless emergency service (E911) [1, 2] . The E911 became a major driver of location-based services (LBS) to enhance effective location based emergency service delivery [2] . Furthermore, the European Emergency forum in 2003 enforced location enhanced 112 (E-112) a variant of the US E911.
This lead to a wide range of research to provide accurate positioning of a mobile station (MS) for the provision of a good quality LBS to mobile users. This research focused mainly on the needs of developed countries where smart phones are more affordable and network infrastructure better established. The mobile operators in a bid to obey the FCC rules also invested considerable resources in their networks thereby paving the way for commercial LBS as well [3] .
In developing countries, most of the network infrastructures are GSM networks. Smart phones are not affordable and only a few urban business areas have 3G coverage. This has lead mobile operators to depend largely on network-based positioning methods for the provision of LBS to users. Currently most research carried out on positioning technologies are geared towards developed countries, little research is carried out on further improving network-based positioning methods which might be more applicable in developing countries. This paper investigates distance related geometric challenges posed by Received Signal Strength (RSS)-based geometric positioning methods.
RSS measurements are readily available to all MSs (part of the handoff algorithm) with no extra cost to the users and little modification on the mobile operator's network [4] . If the propagation model is known, the RSS measurements can be mapped to distance measurements which can be used for positioning and consequently provision of LBS. The major challenge with RSS-based positioning algorithms is the estimation error which is relatively higher than obtainable in other localization methods which utilizes smart phones and/or satellite positioning. The movement of the MS also introduces fast fading error to the measurements which hampers correctly mapping RSS measurements to distance measurements.
RSS-BASED POSITIONING ALGORITHM

RSS measurement model
Path loss prediction models provide mathematical relationship between RSS received and distance between the MS and BS [5, 6] ( where i = 1, 2, …, n and n is the total number of BSs with adequate received signal strength level which is typically between 29dBm and -114dBm according to GSM specifications [6] .
Assuming a noise-free received power, RSS at the i th BS is expressed in [5, 7] as:
The powers transmitted and received are denoted as and respectively, where is the propagation constant and is other factors that might affect the received power which might include antenna height, antenna gain and multipath propagation. It should however be noted that the effect of multipath propagation cannot be totally mitigated. can be estimated through measurements by finding the path loss slope, ideally, is equal to 2 in free space i.e. rural areas and could range from 3 -6 for urban or suburban [5, 7] . The distance related measurement can then be modelled, as expressed in [5] : (3) where is the estimated distance between the MS and i th BS and n i denotes measurement noise introduced to the estimated distance. From equations 2 and 3, can then b e e x p r e s s e d a s :
Geometric RSS-based methods
The geometric approach uses deterministic information derived from RSS measurements which are interpreted geometrically and then used to estimate the MS position. The geometric techniques can be classified into two; the empirical approach and propagation model based approach. The former approach is based on the use of digital maps of a specific area which requires a lot of manpower hours and is computationally intensive. The geometric approach utilizes the relationship between RSS and distance for MS position estimation. It is also considered in this paper because it is relatively easier to implement and deemed best to fit the need of developing countries that are often posed with computational power challenges and lack of adequate professional expertise. The geometric algorithms considered in this paper were explicitly explained in [8] .
Centre of Gravity algorithm proposed by Zhou et al (2003) assumes that the relationship between RSS and distance between the MS and a given BS is based on an inverse square law . where is the propagation constant which takes into account error introduced by the environment, R is the RSS and d is the distance between the MS and a given BS [9, 10] . Circular Trilateration (CT) algorithm is also based on the construction of three (3) circles using RSS from three BSs and known coordinates of the BSs to estimate the position of the MS. The intersection of the circles gives an estimate of the location of the MS.
The algorithm also assumes that an inverse square law given by d (N + R) -can be used to describe the relationship between distance from the MS to a given BS and the RSS, where is the propagation constant as previously explained, N is the normalization constant and R is the RSS [10] .
The Trilateration (TRI) algorithm is one of the most common algorithms used for RSS based MS location estimation. It assumes that three acceptable RSS level can be obtained for MS location estimation. Using a path loss prediction model, the distance between the MS and BSs with acceptable RSS level can be estimated and a circle with estimated distance as its radius can be constructed. The BSs are located at the centre of the radius and the MS located somewhere on the circle. In most cases to eliminate ambiguity, three circles are required [11] .
When more than three acceptable RSS levels can be received, the number of independent equations becomes greater than the number of unknown parameters. This grants the opportunity for the Least Square (LS) algorithm to be applied in order to optimize the redundant measurements and obtain improved location estimates [11] .
The four afore-mentioned RSS-based algorithms were investigated in this paper to analyze the effect the geometry of the network has on the accuracy of positioning algorithms. Two major parameters which determine the geometry of a network will be considered: firstly, the distance of the BSs relative to the MS and secondly, the distance of the BSs relative to each other.
MEASUREMENTS
Drive test measurements were collected in the Gauteng province of South Africa. The measurements were taken from two different environments; built-up urban areas and a rural area with flat fields and some hilly terrain. The frequency of the measurements was 900MHz. The RSS measurements were collected at a mobile station receiving signals from fixed BSs with known location coordinates. Some of the data collected which is of importance to this paper includes; position of the MS as estimated by the Global Positioning System (GPS) which was used as the benchmark for accuracy. RSS measurement of the serving BS and 6 neighbouring BSs as received by the MS; and the coordinates of the BSs. Measurements were collected from 65 BSs and analyzed for the purpose of this paper.
Correlation Analysis
The afore-mentioned RSS-based geometric positioning algorithms were used to estimate the location of the MS based on the RSS measurements and coordinates of the serving BSs and neighbour BSs. The estimated locations derived from these methods are then subtracted from the true position of the MS as derived by the GPS; this we call the "Location Error" for the positioning algorithms. In this paper we considered two dimensional estimation but this method can easily be applied to a three dimensional system.
A cellular network as shown in Figures 1 and 2 with two types of distance measurements considered which will be called Case One and Case Two as shown in the Figures. Let us follow the dashed lines in Figures 1 and 2 and assume that at the star symbol, MS is connected to BS1, BS2, BS3, BS7, BSa, BSb and BSc. BS1 is the serving BS. Where the MS is presently, it can receive signals from BS1, BS2, BS3, BS4, BS5, BS6 and BS7. Moving further down the path to the triangular symbol, it can receive signals from BS1, BS2, BS3, BS4, BS5, BS6 and BSd. In this paper MS positions algorithms are analyzed in relation to its communication with a particular serving BS as it moves along the path. The Serving BS remains constant and the neighbour BS changes as the MS moves along.
Figure1: Case One BS1 represents the serving BS and BS2, BS3, BS4, BS5, BS6 and BS7 are the neighbour BSs the MS is currently connected to. Distances from the MS to BS1, BS2, BS3, BS4, BS5, BS6 and BS7 are denoted as d1, d2, d3, d4, d5, d6 and d7 respectively. D1, D2, D3, D4, D5, D6 and D7 denote distances from BS1 to BS2, BS2 to BS3, BS3 to BS4, BS4 to BS5, BS5 to BS6 and BS7 to BS1 respectively.
A standard Pearson product-moment correlation coefficient analysis [12] was carried out on the location errors from the aforementioned algorithms and distances to determine the effect distance has on location error which is directly related to the location accuracy. The analysis carried out is explained in the steps below;
Step1: Positioning methods aforementioned were used to estimate the location of MS.
Step 2: Location error was calculated by subtracting estimated location of the MS from their actual location.
Step 3: Actual distance of BSs to MS and BSs from each other as shown in Figures 1 and 2 was calculated using known coordinates of BSs and GPS coordinates of MS Step 4: A Pearson Correlation analysis was carried out to analyse how well related location errors obtained are to distances as described in Case One and Case Two.
Step 5: Analysis was carried out on rural and urban environments. [12] . Preliminary analysis was performed to ensure no violation of the assumption of normality and linearity. RSS measurements are highly affected by interference in the wireless environment. Data used in calculation of MS location using the positioning algorithms are collected from the cellular network, therefore it is expected that there will be other variables interfering with the output such as multipath, shadowing, diffraction etc. This might be why the curves on the graphs shown in Figures 3-6 are not smooth but they are good enough to explain the relationships analyzed in this paper.
It should be noted that some of the correlation relationships as shown in Tables 1 -4 Error (Actual location -Estimated location) estimated from the positioning algorithms is directly proportional to accuracy obtained from the algorithms. Error was estimated using the Root Mean Square Error (RMSE) which is a widely used error variable to estimate the error BSd introduced during estimation and hence evaluate the accuracy of the location algorithms [9] .
Let the actual location be given as and the estimated location as , the RMSE is given as: (6) where N is the total number of MS locations estimated and .
A strong correlation between location errors and distances shows a high dependency of the positioning algorithm to distances under consideration. This in turn explains the dependence of accuracy obtained from the algorithm to topology/geometry of the BSs to the MS and relative to each other. A weak correlation shows a weak relationship between the topology/geometry and accuracy of the positioning algorithm indicating a lower dependence.
Rural analysis: Case One
The relationship between Case One and location errors is summarized in Table 1 and Figure 3 .
There is a strong correlation between variable d4 and COG location errors, medium correlation between d1, d2 and COG location errors and small correlation between d3, d5, d6 and d7 and COG location errors. There is a small relationship between CT location errors with d1 and d2, medium correlation with d4 and a strong correlation with d5. CT location errors correlation with d3, d6 and d7 are very small. For example, consider the COG distance relationship shown in Figure 3 . COG's accuracy is more dependent on distance between the MS and the third BS than distances between the MS and the first two BSs. It is least affected by distances between the MS and BSs 5, 6 and 7.
There is a small correlation between variable d4, d5 and d6 with LS location errors, while the other distances have relatively very small correlation with LS location errors. A strong relationship exists between TRI location errors with d1 and d2, medium correlation with small correlation with other distances. 
4.2
Rural analysis: Case Two Table 2 and Figure 3 summarize the correlation between distances in Case Two and location errors.
There is a strong correlation between variable D3 and COG location errors, medium correlation between D2 and COG location errors and small correlation between D4, D5, D6 and D7 and COG location errors. It should be noted that some of the relationships are negative correlation. There is relatively a small relationship between D1 and COG location errors. There is a small relationship between CT location errors with D1 and D2, medium correlation with D4 and a strong correlation with D5. CT location errors correlation with D3, D6 and D7 are very small. There is a small correlation between variable D4, D5 and D6 with LS location errors, while the other distances have relatively very small correlation with LS location errors. There is a strong relationship between TRI location errors with D1 and D2, medium correlation with small correlation with other distances.
The two cases studied in the rural environment shows that COG location errors has the strongest relationship with distances which points to a higher dependence on geometry of BSs and MS for its accuracy than CT and LS location errors. The two cases also show similarities in correlation with the distances especially d3 and d4 in Case One and D3, D4 and D5 in Case Two. 
Urban analysis: Case One
The relationship between Case One and location errors is summarized in Table 3 and Figure 5 . There is a strong correlation between all the distances and COG location errors. There is a small relationship between CT location errors with d5 and d7, medium correlation with d4 and a strong correlation with d1 and d2. CT location errors correlations with d3, d6 are very small.
There is a small correlation between all distances with LS location errors except d6 with a relatively low correlation coefficient. There is a strong relationship between TRI location errors with all the distances investigated in Case One.
4.4
Urban analysis: Case Two Table 4 summarizes the correlation between distances in Case Two and location errors which are represented in Figure 6 . There is a strong correlation between the variable D2, D3, D4 and D5 with COG location errors and small correlation between D1, D7. There is a small relationship between CT location errors with D2 and D5, and a strong relationship with other distances.
There is very small correlation between LS location errors with D2 and D3, a small correlation with D1, D5 and D6 and a strong correlation with D4 and D7. There is a strong relationship between TRI location errors with D2, D3 and D5, and small relationships with D1, D4, D6 and D7.
COG location errors also have the strongest relationship with distances in urban environment followed by CT with LS location errors being least affected. Figures 5 and 6 show a correlation with distances especially d3 and d4 in Case One and D2, D3, D4 and D5 in Case Two. In Figure 5 , location errors is more correlated with the distances from the MS to the BSs than in figure 6 which are the BSs to each other. The distance of the MS to the BSs affects location errors more than distances of BSs to each other. 
CONCLUSION AND FURTHER WORK
Geometric positioning algorithms applied to urban environments shows more dependence on the topology/geometry of the network than in rural environments. This may be because the BSs in urban environment are more closely spaced than those obtained in rural environments.
In general, comparing the two cases in both rural and urban environments, the distances in Case One have more correlation with location errors than the distances in Case Two.
LS positioning algorithm is least affected by topology/geometry in all cases and environments considered but it also gave the worst estimate of MS location from previous works [8] . Even though it was least affected by the correlation coefficients obtained in Tables 1 -4 , it is large enough to be considered. For example in Table 4 , looking at correlation between LS location errors and D7; the correlation coefficient is 0.35, which when squared indicates a 12.25% shared variance. Distance between the BS 1 and BS 7 helps to explain about 12% of the variance in the effect of distance on LS location errors [8] .
The COG positioning algorithm has the strongest correlation at distance d3 and D3 in all cases studied except Urban Case Two where it was the second strongest. This show that distance between BS3 and MS and BS2 to BS3 is an important variable in the accuracy obtained in COG positioning algorithm.
Varying correlation performance of all variables considered in rural and urban environments shows that geometry affects the position error which is directly proportional to accuracy provided by the positioning algorithm. Analyzing the geometry of the BSs and introducing this into MS location calculations might improve the accuracy of positioning algorithms.
Further work needs to be carried out in developing a model that better fits the relationship between location errors and topology of the cellular network. Although, there are additional factors to be considered in addition to the geometry/topology such as the wireless environment, the network density, propagation model etc, the geometry/topology of the network is a very important variable and should not be neglected. This is of importance in developing countries where smart phones are a luxury and geometric techniques are used.
